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<,  Perfusion  of  the  isolated  ratohit  heart  with  CD  or  VX  at  oonoentrationo 
of  0.5  -  0.005/03/01  oausad  a  reduction  in  heart  rato  to  a  do®  cf  approx¬ 
imately  7C £  of  normal.  There  wu  virtually  no  change  in  tbo  amplitude  of 
contraction* 

2,  then  GB  cp  VX  wore  perfused  together  with  10  m/ig/ml  ACh  tho  roduotion 
in  heart  rate  was  nor*  marked,  whilst  in  a  few  cases  tho  heart  ceased  to 
heat.  There  vaa,  in  addition,  a  doorcase  in  the  asplitudo  of  contraction, 

3,  P23  (25/og/al)  caused  a  return  to  SO-9CtS  of  the  initial  heart  rato 
within  30  minutes,  both  when  the  agents  had  heon  unod  alone  or  together 
with  ACh.  Xith  atropine  (2/ig/nl)  re 0 every  of  heart  rato  was  considerably 
faster  and  reaohod  a  mean  of  at  least  9&»  within  2-3  ninutoo* 

4,  P23  «  atropine  also  rove  rood  the  anplitude  ohanges  produood  hy  CB 
or  VX  together  with  ACh* 

3,  There  was  no  evidence  to  suggest  that  either  ®  of  VX  caused  any 
syooardial  damage  at  tho  ocooontmtiona  used* 
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(Sgd.)  C.  XoT&tt  Srans, 
Head,  Ptysiology  8eotioo* 
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THS  ’fflreSCTS  0?  C3  AND  VX  ON  THE  ISOLATED  RABBIT  1SAKP 


3r  .• 


It  has  frequently  been  shown  that  the  crganophosphcrus  compounds  cause 
■both  a  fail  itt  blood  pressure  and  reduction  in  heart  rate  in  coot  spooies 
(1,  2)«  Hcwerer,  few  direct  studios  have  been  oarried  out  on  the  effoot 
of  such  conpounde  on  the  isolated  perfused  boart*  Quilliaa  and  Strong  (3) 
using  DEP,  and  Salerno  and  Coon  (4)  using  BE?,  IETP  and  TSHP  found  oos» 
decrease  in  the  amplitude  of  contraction  of  the  heart,  but  little  or  no 
effoot  on  heart  rate  oven  when  relatively  high  concentrations  wore  used, 
Howsvwr,  the  depressant  action  of  ACh  on  the  heart  we  markedly  potentiated* 
The  ohangee  in  amplitude  found  wero  not  altered  by  prior  treatasnt  of  tho 
heart  with  atropino.  Similarly  .it  has  been  reported  (5)  that  CD,  whilst 
causing  bradycardia  in  the  dog  be  art-lung  pseparation,  was  witheut  effoot 
even  in  large  doses,  on  the  isolated  rabbit  hoart*  Drioooe  and  Burn  (6) 

'  f wnd  that  a  ranker  of  antiOhS  agents  iiwluding  BEP  wort  offeotivo  in 
raduoing  the  rate  of  spontaneously  beating  rabbit  aurioleo  and  rooently 
Larson  and  Brown  (7)  showed  that  both  heart  rate  and  arplitudo  of  contrac¬ 
tion  of  the  isolated  rabbit  heart  wore  sharply  decreased  by  V-agonts* 

.  '  -Ln-4he  wurk-ropect ed-hero^  ooeparison-bae^een- mado  of  the  effoots 

of  isopropyl  no thyiphosphonofluaridato  (GB)  and  S-2-d lincpropylanlnoothyl- _ 

^T'o-etJyl  mothylphosphonothiolate  (VX)  on  tho  isolated  rabbit  bsart*  Sinoo 
free  ACh  is  found  in  the  blood  of  rabbits  after  einglo  doeoo  of  antiChS 
compounds  4Saim8_aad-Tuff--(D}r 8towort-(9)-)vat  a  lowl  of  approximately 
10  m/jg/nl,  tbs  effoot  of  including  this  concentration  of  ACh  in  the  por* 
fusion  fluid/'on  the  response  of  tho  heart  to  GB  or  VX  was  also  studiod* 

Tho  ability  of  2-tydroxyininctasthyl-N-BSthylpyridieiun  cothonosulpbonato 
(P23)  and  atropine  to  reverao  those  offetta  -baa  -hi  investigated* . 

yrMW  /V 

ftffI3IAL3  AND  METHODS  1  \ 

Female  rabbits  of  weight. 1. 3-2*5  kg  wwro  killed  by  a  blow  on  tho  head 
and  tho  heart  was  rapidly  removed,  waked  and  oet  up  for  porfucion  through 
the  aorta  by  the  method  of  Lnngondorff*  Tho  prfusion  proosuro  for  oooh 
experiment  urns  kept  constant  by  the  uso  of  Harriot  bottles,  pressures  of 
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1. 
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38-45  cm  water  being  used.  She  hearts  were  perfused  at  37°0  by  KdSwen  p 

•  solution*(10)  gassed  •with  935  0.2  “  5*  COg  to  give  a  pH  of  7«4-7.5« 
heart  was  partially  enclosed  in  a  water  Jacket  kept  at  37°C  to  keep 
local  fluctuations  in  air  temperature  to  a  minimum. 

A  thread  connected  tto  apex  of  tho  heart  via  2  pulleys  to  the  recording 
■  lever.  Sleotrical  contacts  from  this  levor  activated  a  digital  countor 
which  was  used  to  count  the  heart  rate  o«r  30  aeoond  periodo.  Flow  threus 
the  ccronary  vessels  was  measured  using  a  drop  recorder  and  Thorpo  impulse 
counter.  Tho  BCG  vaa  recorded  on  an  Sdiawan  Pen  Recorder  from  two  v/ic* 
electrodes  applied  to  tho  right  and  loft  ventricles  of  tho  heart, 

Ths  hearts  were  perfused  for  approximately  30  minutes  with  licSnon's 
solution  alone  by  which  time  tho  rate  and  amplitude  of  contraction  had 
•become  virtually  constant.  Tho  agent,  G3  ear  VX,  dissolved  in  Ho^vcn  s 
solution  was  then  perfused  free  a  second  reservoir  for  a  period  of  30 
‘  minutes,  followed  by  iScSwen's  solution  either  alono  or  containing  P23 
(25/ug/ol)  cr  atropine  sulphate  (2/ig/rl),  for  33 _o~nutos^ . 

In  Experiments  in  which  AOh  wets  used,  tho  concentration  in  tho  portion 
•  fluid  was  10  myUg/al, 

The  heart  rate  at  the  commencement  of  each  exportoent  was  taken  as 
‘  ICC*  and  all  subsequent  ratos  were  expressed  as  a  >*  of  vho  initial  rate. 
Changes  in  the  amplitude  of  contraotion  wro  expressed  in  the  w-=o  .^nnor. 
In  a  few  oases  rabbits  were  pro  treated  with  rosorpino.  ihoy 
1.5  osAs  i.?.  43  hours  boforo  uso  and  a  furthor  5  ng/kg  i.v.  2 4  hours 
.  later,  ao  suggostod  by  Suwand  Ban®  vw* 

RESULTS 

'  •  i 

.,*  ■1.  Control  2»crlj«nta 

After  the  stabilisation  period  of  approximately  3° 

:  heart  rata  v/na  a/30  aoo  (S.D.  .  ±  14;  136  *»?*»)  ft  ««*•* 

Wore  carried  cut  to  dotexnine  whaVohatigo*  in  nonrt  rate  and 
of  contraction  occurred  over  a  further  period  of  ninutos.  P®  tho 
first  30  minutes  of  this  poriod  tho  hoart  was  perfused  with  t®™ 

*  solution  alono j  the  porfusion  fluid  was  then  changed  to  containing 
P23  (25Aiir/cl)  or  atrepino  (2/ig/cl).  This  enabled  comparisons  ,o  bo 

treated  with  P23  or  atropino/agsnt  troated  hoart  plus  P  CP 

-  Daring  this  75  minute  poriod  tho  heart  rato  foil  progressively  to  L 
wan  of  921  (range  85-9#),  the  xnto  of  dooroaeo  boin3  unaffcotod  * 
tho  addition  of  P23  or  atropine. 
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experiments#  At  tha  end  of  the  75  niouto  period  (which  inoluded  the 
period' with  P2S  or  atropine)  the  Bean  amplitude  was  10££5  (rango  100  - 
11itf?),_  ACh  at  this  concentration  used  of  10  a/ig/al  was  found  to  with  cut 
effect"  on  tbs  heart  rate  although  it  eaused  awry  alight  gradual  increase 
its  the  amplitude  of  contraction# 

24'-  Effect  of  <a  and  VI  on  haart  rate  and  amplitude  cf  contraption 

.  Hearts  were  perfused  far  periods  of  30  minutes  with  G3  cr  VX  at  \  . 
conoentratiohs  of  0«5»  0«05  and  0,005  Xj&^bI  respectively#  In  all  oases 
the  agents  ware  found  to  produce  varying  degrees  of  bradyoaraic#  Fig.1 
shows  the  ooan  offeot  cf  the  two  agents  at  these  three  concentrations; 
detailed  figures  from  which  these  curves  were  drawn  are  given  in  Cable  AI, 
Appendix  X#  ©,  0.005/Jg/nl  had  ft  less  narked  effeot  on  rate  than  either 
ef  the  taro  stronger  concentrations#  With  VX  the  effect  on  rate  after 
30  minutes  perfusion  wes  the  sane  for  all  three  concentrations.  However, 
with  both  agents  «t  each  dose  level  there'  was  a  marked  variation  in  the 
7  1-  response  of  different  hearts  which.. was  independent  of  the  heart  rate  at 
the- casrasnsemont  "?  the  «q?eriiaent»  Pea?  example,  with  O.5/13A2I  C3 
•  .  {22  hearts)  the  rate  after  30  minutes  had  fallen  to  a  mean  of  67.3a  with 

a  range  of  43*5  «•  83*55.  Peer  the  seas  oonoontr&tion  cf  VX  the  mean 
rate  for  15  hearts  was  72*55  with  a  range  of  61*0  -  63#  Qs* 

As  shown  An  Pig. 2,  <2  and  VX  had  .little  effeot  on  the  amplitude  of 
contraction  even  at  the  strongest  concentration  used  (0.5/Ug/nl). 

4 

3*  Effect,  of  C8  ana  iq  jn  pT-yena  Of  i8b  on  heart  rate  and  amplitude, 

Xn  the  preaanoe  df'ADh,;10  »)6g/ai'»  ©'and  VX  at-conoentrations  of 

0,Q5  sn&  0.005/jg/ml  produced  s  aartod  bra<%rcardia,  as  shewn  in  Pig*1 
in  a  few  cases  there  whs  ft  oaklets  cessation  of  heart  boat  witnin 
-  the  30  ttinuto  period,  ¥ith  G2;  2  out  of  11  and  1  out  of  13  hearta 
stopped  with  oonoontmtions  of  0.05  ftnd  0,005  ug/nl  respectively,  .  . 
Biailerljr  1  out  of  12,  and  1  out  of  7  bsarts  stepped  with  the  oar- 
responding  oonoontrations  of  VX.  (<toly  hearts  whloh  oentimed  to  ■  , 
.  beat  .throughout  the  full  30  sdmtejr  period  ars  included  in  the  grophs). 


■  In  tb>  presence'  of  ACh,  tbore  was  a  I*«8pms1wo  deerease  in  the  ocpli- 
tude.of  contration  of  the-boart  to  a  moan  of  6#  with  ffi  (0.05/iynl)  and 
73^  with  VX  (0.05/ig/nl)  at  the  end  of  30  minutes  {Pig#2)* 

4.  Sffect  of  GB  and  VX  In  rresenoe  of  ACh  on  the  TOO 

In  view  of  the  marked  bradycardia  which  occurred  when  CD  or  VX  were 
perfused  together  with  AOh,  ZCG  reoordings  were  taken  from  sene  hearts 
to  d*ternine  whether  there  was  any  gross  ohango  in  the  KG.  Ino^trol  . 
experiments  elight  changes  in  the  amplitude  of  the  different  oo^onents  _ 
of  tho  BCG  occurred  over  a  period  of  tine  al*hnigh  the  basic  pattern 
re  mined  unaltered.  In  tha  majority  cf  oases  the  only  ohanso 

Seen  in  the  BCG  after  perfusion  with  (S  cr  VX  together  with  ACh  was  an 
increase  in  tho  S-T  interval  ccnocnitant  with  oardiao  slowing  (piS*3>0>)/* 
In  a  very  fow  oases  the  F  wave  disappeared  whilst  the  C.H3  ooeplox 
altered  in  shape.  It  was,  however,  followed  by  a  n  od  if  ie aT*^ _ 
{o))  after  the  normal  time  interval  suggesting  that  the  «-V  nodo  bad  takon 
ever  tha  fuaotion  of  pooenaker# 
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The  decrease  in  aoplituda  whioh  occurred  whon  the  agonts  wore 
perfused  together  with  ACh  was  ocopletely  reversed  "by  berth  P2S  and 
atropine  as  shown  in  Table  II, 


+  ACh  (lOyOg/nl)  )  perfused  fraa  O’  -  30* 

!  '  '  •  >  t 

Atropine  (2Ajg/nl)  or  )  , 

'  '  perfused  froa  30r  onwards 


Agent 

.(0»05/fbg/nl) 


Atropine 


Mean  amplitude  of  oontraotion  (?J  of  amp.  at  O’) 


VX 

« 

© 

• 

30*  |  40‘  i  45* 


95.4 


79.4  93 

75.9  ' 


100.4 

95.0  9 

104*5 


55  ‘  60» 


99.8 

102,9 

98.5 
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Hhore  narked  SCO  ohangea  bad  ooourrod  after  porfusion  with  ©  or  VX 
and  AOhf  atropine  and  P2S  rostared  the  SCO  to  normal  (Figs.  5  and  4)* 

6.  Coronaxy  flow 


G8  and  VX  at  tho  oonoeutrationtf  usod  wero  without  offoot  on  tbo  rate 
of  coronary  flow,  . 
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As  will  bo  soon  from  tha  table,  'there  was  no  significant  differense 
between  tbs  *rs  groups  of  hearts* 

DISCUSSION 

Perfusion  of  the  isol&tod  rehbit  heart  with  ts  or  72' at  concentrations 
of  0*5  -  0,005 yd g/nl  caused  a  reduction  in  heart  rate  but  little  change  in 
the  acplituda  of  contraction*  Vhen  the  agents  were  perfused  together  with 
10  a/Jg/nl  ACh  (a  concentration  which  had  no  doletorious  offect  on  control 
hearts;  the  reduction  in  rate  was  core'  parked  atvi  thorn  was  in  addition  a 
decrease  in  the  aqjlitudo  of  contraction*  'fhs  suscoptibility  of  different 
hearts  to  the  notion  of  the  was  concentration  of  ®  cr  VX,  however/  shorn d 
a  fairly  wide  variation,  In  ttisdlar  ospsrirants  with  esoriuo,  Brlsoosand 
Sum(lJ)  also  consented  on  the  variability  betwsen  different  hearts, 

Sssults  cbtained  by  Hoffmann,  Hoffmann,  Middleton  and  lalesnik  (14) 
on  the  isolated  heart,  lod  those  authors  to  suggest  that  ACh  acts  on  oortain 
intraoardiao  structures  and  stimulatoa  thsn  to  relooso  adrenaline,  Sinoe 
adrenaline  will  produce  an  increase  In  hoart  rate  and  amplitude  of  oontnuv* 
tion,  it  eeened  possible  that  tho  variation  in  response  of  individual  hearts 
to  tbs  action  of  GB  and  VX  might  be  duo  to  a  variable  release  of  adronal ire 
by  these  agents,  lbs  offeot  of  0,5/jc/nl  GB  on  boarto  from  rabbits  pro- 
treated  with  reserpine  to  deplato  tnoir  stcros  of  adronalino  and  nor¬ 
adrenaline  was  tharofero  invootigatod  in  order  to  detonaino  whether  thero 
wculd  than  be  a  more  constant  response,  Howver,  nine©  tha  S,D,  of  10 
hearts  from  reaerpins-treatod  animals  was  as  groat  as  that  fee  normal  hearts 
(Table  III)  it  seems  unlikely  that  tho  release  of  adrenaline  from  tbs  heart 
could  account  for  tho  variation  found. 

Bulbring  and  Burn (l  5)  working  with  isolated  auricles  obtained  results 
which  suggostod  that  the  nocrusl  rhythmic  contractions  wore  dependent  on 
the  synthesis  of  ACh,  Burn  and  Xottogoda  (16)  later  investigated  tho  notion 
t«f  eaerine  on  isolatod  auricles,  sinoe  if  ACh  controls  the  rhythmio  movo- 
rohts  of  the  heart,  then  tho  ChS  pro3ent  night  be  oxpootod  to  play  a  pert 
in  controlling  aotivity  by  destroying  the  ACh,  They  found  that  osorino 
caused  a  reduction  in  tho  rata  of  spontaneously  boating  auriolea,  suggesting 
that  thero  is  an  optimal  concentration  of  ACh  for  tha  maintenance  of  tho  beat 
and  that  amounts  in  omens  of  this  doyroaa  the  rato* 

It  has  been  shown  by  flutter  and  Trau twain  (17)  that  in  tbs  sinus 
renesus  of  tbs  frog  heart  during  diastolo  a  slow  dspolarioation,  the  pace¬ 
maker  potential,  develops*  Marshall  and  Vaughan  Williams  (18)  similarly 
found  that  in  the  rabbit  auricle  the  paoomakcr  producaa  regularly  occurring 
potentials  to  which  tha  rest  cf  the  auricle  can  ro spend  with  propagated 
action  potentials.  It  is  suggostod  ^Suraand  Hand  (19))  that  tho  tynthosia 
of  ACh  by  oboliro  aoctylnso  maintains  tbs  resting  mstkrano  potential  of 
the  turiolo  at  a  tlroshold  level  for  a  propagatod  roopenso.  This  resting 
potential  is  ins  re  ace  d  by  tho  application  of  ACh  or  oarbamyloholins  (Burgon 
and  Tcrrcux  (20))®  AntiChS  compounds  might  also  bo  ozpcotod  to  cause  an 
increase  in  tbs  resting  potential  fcy  causing  an  aooumlation  of  /Cho  If 
this  is  so,  auoh  oocpcuivds  wculd  be  expected  to  alow  tho  ho  art  sinoe  tha 
pacemaker  will  have  to  undergo  a  greater  -Japroo  of  dopolnrisaiioo  in  cedar 
to  reach  the  critical  levol  noosasaiy  <•».*  the  produojd.60  of  a  propagatod 
action  potential*  ’  '  . 
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With  the  exception  of  the  moat  cli.lute  concentration  of  GB,  all  con¬ 
centrations  of  G3  and  VX  were  found  to  r>iduoo  the  heart  rate  to  a  mean 
of  approximately  of  the  initial  rate  at  the  end  of  the  30-ninute 
perfusion  period*  As  calculated  from  the  2nd  order  rate  constants  for 
both  inhibitors  at  }1°0,  pH  7*4  *•  7*6,  the  strongest  concentration  used 
i*e*  0,5/tfg/nl,  is  about  ICO  times  greatar  than  tho  minJ-cua  ooneontra- 
tion  which  would  be  expected  to  produce  total  inhibition  in  vitro  of 
both  true  and  pseudo-CHS  within  30  minutes*  Assuming  that:  tho  heart 
ChS  is  reasonably  accessible  to  GB  and  VX,  tho  activity  of  the  isolated 
heart  after  30-ainutos  perfusion  with  these  agents  should  there  fere 
represent  that  occurring  in  the  absence  of  any  ChS  activity*  When 
10  ayug/ol  ACh  was  present  in  the  porfusion  fluid  in  addition  to  GB  or 
VX,  ihe  bradycardia  produced  was  considerably  more  narked,  whilst  in 
one  or  two  cases  the  heart  oeased  to  bent*  Shis  greater  effoot  would 
be  expeoted  sinoe  tho  oorveontration  of  ACh  around  tho  pacemaker  must 
be  higher  'and  in  the  presence  of  little  or  no  CHS,  tho  rhythmio  activity 
of  the  pacemaker  will  depend  on  the  rate  at  which  ACh  can  diffuso  away 
fraa  the  site  of  action* 

It  appears  that  the  heart  ean  o  ontinue  to  beat  in  the  absence  of 
ChS  activity,  provided  that  much  of  the  exoea3  ACh  can  be  removed  via 
tho  ooronary  circulation*  The  difference  in  the  degree  of  slowing 
produced  in  different  hearts  by  tho  samo  concentration  of  G3  or  VX  might 
be  explained  by  a  difference  in  the  aonsitivity  cf  the  auriola  in  tho 
region  of  the  pacomaker  to  tho  action  of  ACh*  Alternatively,  tho  amount 
of  ACh  synthosi8ed  by  the  heart,  whilst  constant  for  individual  hearts, 
may  vary  with  different  hearts,  It  has  been  shown  for  instance  by 
Bulbring,  Sottegoda  and  Shelley  (%*■)  that  the  abaoluto  amount  of  true 
and  psoudo-CnE  aotivity  varied  widely  in  auricles  from  different  rabbits. 

When  hearts  were  perfused  only  with  McEron's  solution  aftor  a  period 
of  perfusion  with  GB  or  VX,  there  was  no  inoreano  in  heart  rate*  Atrqpino 
(2/jg/ml)  howovnr,  rapidly  rostorod  tho  rato  to  at  loast  95°  of  tho 
initial  rato.  It  has  boon  shown  by  Burgon  and  Torroux  (20)  that  foil  owing 
the  action  of  ACh  or  carbacyloholino  cn  tho  auricle ,  atropine  will  roduco 
the  resting  membrane  potential  approximately  to  normal.  Concomitant  with 
this  action  of  a tropins  a  corresponding  increase  in  hsart  rato  would  bo 
expected,  Bimand  Band  (19)  soy  in  tboir  discuaaion  'Tho  conception  that 
choline  acetylase  normally  forms  ACh  to  maintain  the  nonbrano  potential 
has  given  rioo  to  tho  quostion  why  tto  oontraotions  of  tho  atria  under 
normal  circumstance: 8  are  not  wrested  by  atrqpino.  The  rapid  action  of 
atropine  on  vagal  stimulation  any  be  dua  to  vcgal  ACh  boing  liberated  at  a 
point  which  is  extracellular.  ACh  formed  constantly  by  tho  atria  moy 
be  intracollular  and  therefore  not  so  roadily  neutralised* » 

25/ig/nl  P2S  is  the  poak  blood  level  found  in  rabbits  approximately 
10  minuRon  after  an  intramuscular  injeotion  of  50  mg/hS  (22).  This  oon- 
centration  of  P2S  produced  a  recovery  in  ha  art  rate  to  a  mean  of  80-9Cf» 
or  the  initial  rato  within  30  minutos  for  all  ooncontrationa  of  GB  and 
VX  both  alono  and  with  ACh*  The  slower  aotion  cf  ?2S  compared  with 
atropine  in  restoring  the  honrt  rato  towards  normal  could  bo  oxplainod 
by  tho  tine  taken  to  rcaoti'vato  suffioiont  ChE  to  reaovo  the  oxooss  ACh. 

G3  and  VX  had  virtually  no  offeot  on  the  amplitude  of  oontraotion  of 
tbs  heart  and  thoro  was  no  indioation  of  myocardial  damage.  Although  in 
tho  presence  of  ACh,  G3  and  VX  caused  a  fairly  nurked  roduotion  in  amplitude 
this  was  rapidly  rovorsed  both  by  P2S  and  atropine.  Purthenscro,  thoro  vr&a 
no  apparent  difference  botwoon  the  actions  of  GB  and  VX  and  it  has 
vicusly  been  shown  by  Murthu  and  Wills  (23)  that  G3  causes  no  cyocardial 
damage* 
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1  •  Perfusion  of  the  isolated  rabbit  heart  with  GB  or  VX  at  concentrations 
of  0.5  -  0.005  Aig/nl  caused  a  reduction  in  hoort  rate  to  a  moan  of  appro*- 
irately  7$  or  normal*  There  was  virtually  no  change  in  the  amplitude  of 
oon  traction. 

it  then  GB  or  VX  were  perfused  together  with  10  in/ig/ml  ACh  the  reduction 
in  heart  rate  was  more  narked ,  whilst  in  a  few  cases  the  heart  ceased  to 
beat.  There  was,  in  addition#  a  decrease  in  the  amplitude  of  contraction. 

3*  P2S  (25/ig/tnl)  caused  a  return  to  80-9$  of  the  initial  heart  rato 
within  30  mimtos,  both  whon  the  agents  had  been  used  alone  or  together 
with  ACtu  With  atropine  (2  Aig/nl)  recovery  of  heart  rate  was  considerably 
faster  and  reached  a  mean  of  at  least  9$  within  2-3  minutes, 

4,  P'S  or  atropine  also  rovorsod  tho  amplitude  changes  pro&icod  by  GB 
or  VX  together  with  AOh. 

5*  There  was  no  evidence  to  suggest  that  either  GB  or  VX  caused  any 
ryocardial  damage  at  the  concentrations  used. 
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Appendix  It 

The  effects  of  V  agents  on  Isolated  perfused  rabbit  hearts  . 

Coements  on  CTU2  2148  and  C7L  Technical  ISonorundum  23-6,  1959. 

In  CUL  Technical  Uencrandira  23-6,  1958,  it  is  stated  that  at  the 
Twelfth  Tripartite  Conference  a  U.K.  delegate  aoserted  that  the  U.S, 
Eepcart  CTLR  2148  concerning  the  effoct3  of  V  agents  on  the  isolated 
rabbit  heart  was  in  error  and  that  the  reported  offocts  wcro  caused 
by  ths  propylene  glycol  in  which  tiio  stock  V  agents  wore  dissolved 
before  subsequent  dilution  with  saline.  Sinco  the  chief  experimental 
variable  between  U.S,  and  U.K,  work  was  this  uso  of  propylene  glyool, 
it  was  suggested  by  the  U.K,  delegate  that  differences  between  U.S. 
and  U.K.  results  mighi  be  due  to  this  oonpound. 

In  CrfLR  2148,  control  curves  showed  ohangeo  in  both  heart  rate 
and  amplitude  of  contraction.  The  rate  was  reduced  to  88,1  and  the 
amplitude  to  7$  of  normal  in  30. minutes.  Cccparable  U.K,  oontrols 
gave  a  mean  reduction  in  rate  to  92/1  of  normal  in  75  rnimtos  with  no 
significant  change  in  amplitude. 

In  Toohnioal  liomcrandum  23-6,  the  U.S.  have  repeated  the  oontrol 
experiments  to  determine  the  effoct  of  propylono  glyool  on  the  ho art, 
and  now  find  a  slight  increase  in  the  amplitude  of  contraction.  ThoBO 
results  thus  differ  from  those  reported  in  CTTLR  2148  and  are  cccparable 
with  U.K.  findings.  Also  VX  (0.05/i^ml)  is  new  shown  to  reduce  the 
amplitude  of  contraction  by  a  moan  of  19$  (3  hearts)  as  ooeparod  with 
a  mean  of  5^5  (5  hearts)  which  was  re  pur  tod  in  CTLR  214-8* 
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